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Abstract of JP2002237617 

PROBLEM TO BE SOLVED: To prevent a 
light from an active layer from being 
absorbed to a substrate and enable mission 
of high efficiency light, even in a short 
wavelength area such as yellow, green, etc. 
SOLUTION: This semiconductor light- 
emitting diode is provided with a double 
heterostructure with an active layer 36 
made of InGaAlP-based material being 
pinched by clad layers 35 and 37. A GaP 
substrate 5 1 is used as the substrate, and a 
first electrode 41 is formed on the double 
heterostructure and a second electrode 42 is 
selectively formed on the opposite side to 
the double thereto structure of the substrate 
5 1 , thereby obtaining a light from the side 
of the second electrode 42. 
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I nGaA 1 PWMftfr^tt&ffi&M* I nGaA 1 P 

k . >T o^:7rt^xn^»±te»JS$*ufcJB 1 com® 
fc. MieSffi<Offlif e^^^T-ofiljtgS KttfflfiE&ai 
«?Wtcm^^/i^2c7)«Si:^«ILT=5r , 9, JS2C7) 

[ ifl^fl 3 1 mmuwiittiMre 5 ~ 3 0 m<o« 

HfcRjeU dr-v'JTjgJK?r5xl 0'7cm-3— 5X1 
0 18 c m-3tf>«H(cRjgLTfc4£ i: *W«i:i-SiftR 

[li*JS4] Mievgttil{±i¥$0. 15-0. 75//m 
<OSHt, ^-v'JTjftgl x 1 O^cm-sHT^piX 
tt^'J7lK5xi 0 18 cm-'tiTOnlT'fcl m 

M?7 -y F««9=*-vD'r3&££5x 1 0 17 cm- 3 — 2x 

1 ~ 3 OMftaHciBfto^flSfe*:^ *- H . 
[ «*JS 5 ] ffiiftgttJftt p MTifc h Z k £ WSS b -th 
»^JI 4 BO?******' -f *- F . 

F«tf>3^ nM?5yKJI<03MryT«K*lxiO 
15 cra-Mxi 0 17 cm-3tO®H^S^LT^r^.C:i: 

*»a k -r&n&m 1 - 5 oMn*>t:82a<oijm»*«3fc 

[89*B7] HlriEvStt«^. A lfflfiEWS/irl, I nGa 

mm^ttrmmt Lfcikiwatt- &m*«i~6w 

[00 0 1] 

I nGaA 1 P»«fi*ffl^fc**f*cfB«^>f h'(C 
[00 02] 

[tfefeoatfr] LED (JBt^-fsT-H) ffiMBtt 

T>T^ft«-Cti!BW*mi:LT, GaP 
(3$) , GaAsP (Jtfe, Hfe. . G a A 1 A 

[00 0 3] LA>U GaP. GaAsPI«S^I 



(TTZfoh. GaAl Asli6 6 0nmtl±8%g 

Jg<7>3!j3y><»£>ft4 <0<7) . £ tl i 0 SifcHT'ti^i 0 
ISH£g»<9i*£fc J: 9 . 6 3 5 n mX'Otymit 1 %fUK 

-c-#>4. 

[0004 ] Amn&nmm&zikm&hk. g & ai 

Aslt'li660nmt3cd , 635n 

mtlcdCfflStS.-*, GaPtliO. 5 c djjl 
T, GaAsPTIiO. 3 c dJiTR7)kOL*>l|31;Sil 

-cfc^-r. aft, itfe. m&nffl&T<nwmm<r> led 

[000 5] I nGaAl Paa&li. Sfl5ft£|Sft<III 

Hf+^mL, 0. 5-0. 6 mfwMlffl 

tMzfcHStertb I nGaA 1 P «fc 4 LE D<±, Ste 

j^L^fe, -TOSOLEDC&oT^ SiSA<7)^t£ 

[0006]@30lC. I nGaA 1 P^3fegP5r^fri> 
ts!*cOLEDc7D*^itBf®iaS:^-r. H4"l«±n-G 
aAsfflS. 2lin-InGaAlP^77Kl. 3« 
I nGaA 1 PvSttJf . 4J2p- I nGaA 1 Pty-y 
HJB. 5(ip-GaA 1 As^SSafiflfcS, 6«p-Ga 
As3y^7M, 7«AuZnj&»i$>^r6pBMMI. 8 
liAuGe *^^4 n {iimfigT-$> 4 „ 
[0 00 7] I nGaA 1 Pjgftf 3«X^-^ 
•yTIi ?77KI2, 4tfO-?-n t J: i 9/J^< : 5r-I.J:plc 

-GaA 1 Asm»£t(£tjcS50ffifig,{i. I nGaA IP 
mam 3 ^>co^^*tc» LB&^aB^S i 3 KB5^ 

[0 008] H3 0c0fl|jtCCfcV^T, SttS 3 2:11$ 
0. 2iimOT>F-7«In 0 . 5 (Ga^x A 1 x ) 

o.5 p (x=o. 4) k LtzOrS. znmmmiinmx 

*>0, iK(il-5x 1 O^cm-sgJg-C^oT^,, CI CO 
i:^. I«tfili5 6 5nm (») . ^tK^*<±DC2 
OmAT'O. 0 7%U8ZX'$>-3tl. tfz. x = 0. 3 
L7ti#. %*jS^(i58 5nm (Jt) . %3t^*{iD 
C20mAT0. 4%gJSfcffi<. GaP, GaAsP 

tz.—^j. x = 0. 2t L*:fc£, i%3K^«(i620n 
m (tffe) , 5MfliDC2 0mAtl. 5%^^' 
S>0, Jft3C»*fc«L«lR«ti:=S:ftGaAs»Rl&W 
tcl^*^-4C:i:^<GaA 1 As5R£_LEI4»3e3»sfc&* 

[0009]^cOj:a =S^0tMsott«fle»ttO«[Htc 
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mm±A i»«x = o. 3gftTaaMcffiTLfc. & 

tz s d *Uc-£*>-£T F K/l^'gfE < =5: l> i i: fc Wlffl 

&t#^^ix^. 4fc. vS1£«3<OA 1 fflj£x#«<fS 

■r •/ bhZb ifiX't-f, mzH$)M&cr»h 
Z^m^fcOpM? ? y KJg4~75:*-A— 70— 

[0010] 113 0<0««T{i«sSa£i5ce5 SrIS 

ttT««i7*^aEA^ix^m^^^fT^i)*^ m 

[00 11] InGaAlPIflMV^fi 
[0 0 12] 

nGaAlPICJ;|»LEDtll «rfc*fe. lifeT^ 
«»*«0»3e*»4ii:ttfflJfC*-sfc. 4fc, ?BfcS5 

itzmm-f h t t immx-h -> it . 
[oo 1 3] ^mmt. jjEW»*#*UT*s*tfct> 

[00 14] 

[0 0 15] !Pfc*«!JJU:. ^*«3K^^-K(ct5 
HT, GaPiKt. Z(7)M&±.t,ZBf&Ztl1t. I nG 
a A 1 PimmfrtiK&fti'&.mt: InGaAI P%tt¥A 

KfflK^WE^yl^x o«Bt» h Kit flBBtaW? WK 
^Six*Sjl2<om®i£ : pyfLT&9, ^2com» 



[0016] I^T, *^BJOM4 U^gfflffittfc LT 

[ 0 0 1 7 ] (1) vStti!t±JS$ 0 . 15~0.7 5>um 
cr>&mx\ *+>JT»Kl x 1 O^cm-sJiLTOpSX 

(i=3f-r'jriaK5x i oi 6 cm-3£rR7)ng!-ej> , 9, y 

y y KJIcO^-v >J TiflJg£ 5 x 1 0 17 c m"3~2 X 1 0 

[0018] (2) ^TVlx^oJfjtgflSrfli £ 777 
K«c7)3*>, nl?7 7 KifcOdf rUT»K2r 1 X 1 0 
is c m-3~7 X 1 0^7 c m-*V>$mt,zmfeVX%:&Z 
b. 

[0019] (3) SttJf A 1 mj&CDm%& I n G a 
A l PW8fre>%:6#-Fmbmmm£.X. Ktm&Zii&Z 

[0020] (4) ¥7>V^uffim&bWil <T>m^b<r> 
HlcGaA 1 AsfrtzZ&mftSi&Wim&Bf&Ztl. Z\cr> 

^f-vl)T»8iK^5 x 1 0 17 cm-3~5 X 1 0 18 cm-*<r> 

mm^zw^hx^hzt. 
[0021] (5) y-fiv^T-um&mtmi 

[0022] (6) wssmmitmmi 5-3 0Mm« 

ffltC^SL, df-r 'JTlgJ^$:5x 1 0 17 cm-3~5x 1 
0 18 c m-scDKHtiS^L-r^rS C: b . 
[0023] (ffffl ) *^BJfcJ:iT.{f . *^«S«k 
UGaP^fflK vSttJl^LT I nGaA 1 PfefflV^ 

I nGaA 1 Pj^^ijgttJi*. ffiSS^OpS 
(^■v'JTjSKI x l 0' 7 cm-sJilT^pM) XJiiRig 
JKcOnM l»raUS5x 1 0 16 cnr 3 iinROnS) 

(0. 15 — 0. 7 5/xm) ~thb£ilZ. pS?7 7K 
Ji^^UTitKiftiSft (5X1 0"cm-3-2xl 
0 18 cm-')«:!: £ J: 0 . ^>ixl» 
£ k t^rS . 

[00 24] 

Bmt,z£-?xm.WT&. 

[0025] (mi <r>mmm) m 1 12. ^^com 1 

^•TBlffillT-fc-i). @^1 U±n-GaAslStJ!) 
0. £^S«1 l±Ci±n- InGaAlP?77 KJM 
12, p- I nGaA 1 PvS14Jl 1 3RX/p- I nGa 
A1P777K114 frC?%&y7jV*s.7-vffii&m i tfL 
&Bl&ZtLX^&. ^KfofllSSfiCIJp-Ga 
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mi 5±^-SPtCGaAs3>^^ Mil 6jM&R»« 
ZttT^Z. f Lt> 3^?Ml61CAuZn*> 
£3r-&pWmfiil 7#JE*j£§ix. &R1 l^TffltAu 

[00 26] p- I nGaA 1 PvSttJf 1 3<7XC*/l^ 
7t±„ 9yyYm\2, 1 4(0^tlJ: 9*2 < 

£*SttJil 3fcB§t^srr/^xQ«Bt£&L-t^ 

p-GaA 1 As«g£t£fcill 5CDffl^«. vS-ftif 
1 3*^«%3K^(c«LB&SBBt^4 J: 3 Kf£5££;h. 

[0027101 Iztjkl-tcffimz&^X . ^JfOif? . 
^f-r';riaK(iJilTOj;3^|g^$^-cv^„ n-Ga 
AsiSl 1 (2 5 0//m, 3xi0 18 cm- 3 ), n- 
I nGaA 1 P?5'y h'Jf 1 2 ( l^m, 5XlO"c 
m-3) . P - I nGaA 1 PSttJf 1 3 (0. 5//m, • 
5Xl0 16 cm" 3 ) , p-InGaAiP?77Kil 
4 (1/xm, 7Xl0 17 cm-3) x P -GaAlAs| 
gSa£U:®l 5 (7 Mm, 3X 1 0 18 cm-3) H p-Ga 
Asrjy?;? t-Jf 1 6 (0. l;um, 3X10 18 C 
m-3) . 

[0028] it. p(ffl«Sl 7«it@2 0 0/zmcon 
BbLfil. mam I Kll 2, 14<7)ffij£ 

In,, s (Ga!., Al, ) „. B PcoSHcT-eft-f 
ixO. 4, 0. 7kLfc«^» f6*a*{45 6 5nm 

<») . fBt^(4DC2 0mAT'0. 7%SJKt^* 

[0029] H2J4, vStt«l 3<7)§|/?£0. 5umb 
Ltz b £ 0»#3Wfc9igttJi** U TiMttStfttfcij* L 
TV^ e pl«ZnH-7T. 5xl0 16 cm-W^) 

OfftSLfc. i<Ofc&. nST«±-eo«Jt35(«i«< s Sr4fc: 

fci 0 s #S6#3*&^itiirt-* -I t . /]>«*■* 'J TT 
ft* jETUOS£»ft**ftT-r* i i: i h b^l^titz* 
[0 0 3 0]-*. pffiTM;lxi0 1 'cm-3J:D«a 

y^-A 5 ^2ixfc^i:#^^^-i>. 02^ 
^WttftiSli. *§14«1 30KJ*££*Tfc±T2riftJfc: 

hKfr^tz. ^T, vSttW 1 3 fc LTJi. drA-'JTSI 
m 1 x l o 1 ' c m-sHTWplXli^t 'J TSUS 5X1 

[003 1] 03(i. W&M 1 3^';7i«*5x 
1 0"cra-3 ( P S) i:Uti:^ ^3^*co«ttJl 

•yFm4^^yr$IJ&tCkfi!^-tSfr\ 0. 15- 



[0032] 03tc«^$=5rv^\ ^f+'JTM 
A«5X10 16 C m- 3 tU:<7)nMc9vS1±Jf l±. Z n K-T 

&.~?3t%Mmcr>v-7m.fimmmi l zttE ut. mm 

J: £ ? 9 •/ H«^^--^'-7o-*^^tc:^-ri> £ 
blzi:hb%z.t=tih. ffl&Ml 3£pS£ LfciOT 

fiT'OSA*^ »J rwffitfcft J: 0 < 3r& fc . ^7*;i- 

[0033] >Itf0 ± 3 te^tBSKBJBK iiltf , I n G a 
A 1 P*»6$r4$§ttfli 1 3<7>^f -v yr«KaiXKJ»*ik 

ji-fb-r* i t K ± o s ^«3Bi^-&oi«i*fflajM-4 c 
[0034] jdESsaaBJirctt. «tta i3«aim 

x^O. 4 i: L^t.^tCO^T^^*^ <! ^Wf-^OA 

<it\ ^--v y riWEwftiwKttfe'rA i m-ftLxZ^tz 

bftXM^k^bhtiK m4l£7jk~t£otZ, Al«x 

ttz<Lx?mwi&zn<-rhi3.b\ zmwmimT 
[0035] (w,2<r)mmm) msit. *»«b<o*2 

SrTBlB0-CftS. 

[0036] H5(=*tfeaBSt=*J^T» 3 1ti^l^ 

wmmmx-h o . 3 1 ±.izizw$ 1 

<7)A' 7 7rl3 2, KStm 3 3 St^S^ < •/ 7 r Jf 3 4 
jMitSJBjftSfrC w& . ^BJ^'-y 7 r « 3 4 T 
y KS (819^77 Ml) 35, «tt«3 
6»t;±»??7Ki (f2SH^7 7HI) 37*> 

b%hy7>v^7-uffi]M.mmfoztix^& . 

[0037] r7";U'V7 v o1ijtgP±{;{±^2«^<7)« 
90IM3 8*(jfcJEBMl£*U *STJ£IW1 3 8±«0-S5 
W4^2^«ac03y^^hS3 9tfm&ZiXX\^* 
i tz , y-fAss-r o«JtgBt «m«5ca 3 8 f: <o#ffitc 

(4. h«3 9^jc-ri.fia^i#«M^« 

SEHLika4 0#»f£$iXTU!>. *LT. ^>97hm 
3 9±K±SSWS4 1 ««3 1 WTBlcT 

[ 0 0 3 8 ] ±E*^tc*J*t4»R, #«0^f + 



r 
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t EMJIfcjgfflT* 4 i> <VX'h 4 . 
[0039]Sl^f«fW3 1lin-GaAs 
*^=SrO, -?-<7)^- J r , JrjgJS(i2x 1 0 18 cm-3— 4x 
1 0 18 cm- 3 T'$>4. £*tfi. {SiSJST'(iXPil®JS<7)« 

v^*^#^»a^^^t, 3 

4 I nGaAl P*^^4e$rft»fc^T'#^r^C: b 
£±4. *Off£ti5 0~~4 5 0/umT'£>4. 

^<o±tc^jfi-r4soi>-f*^*&?^R<oav^T'R •? 5- 
£T4 c: k^jwaiat & o . » mx-it^u >y h«c-f 4 

[0040] n-GaAsS|j3 1 <7)35:fr <if± ( 1 0 
0) Xti ( 1 0 0 ) frh2 5JKOKHTffl^tTV^4. 
^fcO*l*I. «JS^J:0IS|t^«5r^4^(7) 
3 6 <0fflj£#JI3:4 Zb. & teXW8Wj i m% 4 
.IfcSrk'fciO. fe&tta^-fkU «*B*fcl»P£-* 
^.47ti6-C'S)4. 06 (i, Sti&iMOfflfElft&J: 5 9 0 
nmC7)?BK^ff4^»60A 1 ffl^xh^ra^Sr^-TWtt 
HT'J> K) . .LeoHd^flttWUS** [Oil] *I*HC 7JS 
J2Ltfc$r4i:. A l»ftx*0. 3 <T'§ 4 d fc 
#W4 . 

[0041]i7(l [ 0 1 1 ] 1jftiz®®Vtzft£.b 

&4„ dcoma^s ojK~2osT«t>/h 

LTJi. (100)K[011] 7JK 
~2 5*«jffS*fc«^f» 0 . mizMt L^W^Htb 
LXii. (100)K[011] Jlft^ 1 0jg~2 

o mm ^tz^x-h^tz . 

[004 2]A 7 7rl3 2tt. *«*ffi^^^r i: (c 
i4XPg^%^. %3Kil^^2rRfeih-r4^0i>c?) 

<yU{fn-GaAs2rfflV^4. ^cO^-P 'J Tig 
6ii4xi0"cm-3t. JS£JiO. 6«mtJ>S. <I 
<?>m£^ IMZOgWZffitl^mmX'htlifn-GaiAs 
X-%<bhfr£h-f. mtiX. n-InGaP, n-G 
a A 1 A s , n-InGaAlP, l^lin-GaAs 

ztitzcomMzx&imTmm. m=?m*- 
y-frt> i o Qw^m^-y-mnx'Y-9)v^ 1 o 

*fmtf» Hl:A'77ri3 2£riSW-&<Tt>J:v>. 
[0043] Rtt«3 3(i, &7fcifcft£*tL3&&J|X#i: 
&4S&3 l^A'.y7ri3 2fc3bWSUfirv\fc3fc:. 
&ft£fflg3 1 kSSt*l»I^Rfhr4C:i:2:BWi: Lfc 

US: 4 28&<0¥^ffcJI£* A/ ( 4 n ) <0H£T'«J1 

[0044] mil*. 59 0nm«03%3t^ft^L. n 
-GaAs(77=3. 94 ; H§37. 5nm). n- 



Ga,. 3 A 1 0.7 As (77 = 3. 425; f§43 n 

m ) ot:2o ma±mm-t 4 c t t. as«flpM»i36» 
•r4ik^T-#. ^m^mm^htih. ^<r>b%<r> 

K-fv^lii. jl«^(^l= : 5rfgEKTlcJ:4tt^ 

T'ti4 XI 0 17 cm' 3 i: Lfc. £<0lL RS*«3 3*£0 
n - G a A s HS&JCSStC** LT ®.W&Xfo 4 
cO^S^i 4RStcoa»«(i+^4 . 
[ 0 04 5 ] dOffctCk. n-InGaAlP, n- I 
nAlP, n-InGaP, n-InGaAsP, n — 
GaAlAs, n-GaAsf«W4. W-f<0iS;^ 
&^<m*-&bitlz£ *) . HfcfcRaMteflMWi,! t 

3fc"®iR#?Be$m;r*t U =5r7v< U y b i: =5: £ & << ^ 

R»JB3 3*SH«:<TfcJ:v*. 
[0046] jSJJA-y 7 ril 3 4 (i. L« 

3fe&*7?StcJR0aj-rc:k(c^--r4. ititt, 08 (c^ 
-tXolz. »< 7 7rl3 4^'+*)|v^. HfiOl 

X'<r>3z%M iz X-oX Wt^HKfr m^atr*fc» U £ ft 

[0047] CT^tf. ^l^ y b<5D*£££300;um 

MM^5 9 0nmfcn^ n-Ga 0 . 3 A 1 
o.7 Asi&W^v7Tm34t:m£30um&lf$>Z:b 

^<fc-7-c, (i®*^IX , 9ai-^4^ii>5n^J; 0. 3 0% 

X'<r>Wth<^mi,zM 0 HJ-frt ^4dktct4i:#^'c.ix 
4. 

[0048] S§Bj]A.y 7ril34iOF-b°V7'*{±. M 

n.nmz^ttws.WTi.zx hm&ziMim* ^ > 

- 3 tL/i t ^/t. MB^N'-y7rJ13 4^JI$«, ^U>y 

ffijfittoaisj&ftSKt:** v b tf<mx-h o » ^.w 

[0049] fiflJi{±'300/um^|<7)^- yrT'{i:. 09 1: 
^•r«kdtC. ®B3^' y7T«3 4<7)J¥$2rl 5«mgJg 

<?)i:#s jgHjjA-y7rE3 4<0JS§#JfUJi:\ i«v>% 
7\a»**^#^ix47M. 1 0 0/umJXhTii^xysoKO 

•T4. 

[0050] SBJfA y 7rI34 kR«J13 3 
hlt&ZblzZiX. miOlztjk-tXotz. KmM33 

b^v-v hmmx-cD^sutiZiST'-ffmzmvML. m 
mizmuzti&ftttmzm o &-£&miz*z><?>izw ? 
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4 £ 2 ®S£Lt<7)S#T^Jl : 5: h Vim , J: h mm 

[005 1] ZZX'li. iHjA' 7 7Tl3 4t'Un- 
GaA 1 As£fflVVt#*. n-InGaA 
IP, n - I n A 1 P«fW*#»*fc:*f L^BB=5r««T' 

m 3 3 <4a^/ n* -y y r M 3 4 4>C$> •» T £> *»i *>* V \ 

'J >y h k £ £>&^%£(4, j§bj,-< . y 7rl34JSll^ 

[0 0 5 2] TSB?7-yK«3 5t4. vStt«3 6taA 

§*ut** 'jrtsati 3 6 Hem tsi*>* £ t iz x y 

6 cOili^'nlt^A' 'J TWSZff&X*-* V 

6 Wi^plt^f * 'J T»9»*i£A** 'J T^Jgi 

A* -v y T*fl»* iSttJB 3 6 Wdf -v y T*8tt=Jt'*i« v * 

fc, TS?5vKH3 5^IW-4<a£ffl;l4S&*a«* 
5. T«^5«yH«35««ttJi36J:0t> 
x*;l^-^* -y 7tf± §= V ^ £ #*<&S i: =&••& . 
[00 53] ££T*t4. TSP? 77h'135tU, n 
-In,., (Ga,_, Al, ) y P CDfflffcSIf fi ( x , 
y) IZ&UX. x = 0. 7, y = 0. 5 b Lfc. £ix 
14, SttJi3 6<OfSMaS«* 5 5 5nm4tfc)S»M 

Lfc*^-ct . y rm t iftSftaw^^n* 

iflti, n-InGaAl PjWlOiaSSWiaUOX*^ 

-vr\±, m&xtxizmttt&tifr.. 

[0 0 54] ttz. InGaAlPMm-iiJIfS 
W08UM»ftO»ribWei l 3«<. £*UcJ:oT. lilt 

* { > R ta^TOS^<7)X^;W=¥-¥ a- v 7*5-*. h . 
£<^J:d*N!iSWs«jEMi, M3 1(:mt 

[00 55] T»?5-yKJi3 5<0*iryTSK 
{41X1 0"cm" 3 tlit. illl:n?77Hl35 
^^yr?iJSt^3B!)*t^W^Sr*-r. £tf>l2fc:* 



<7)KB*41 X 1 0 16 cm- 3 H7 x 1 0 17 cm- 3 T&o 
£*U4. iS?7 7b'13 7, tt8HKIMl3 8«£ 

<nmmb crmmph . «®4 1 1 «t ot^ix y aj l** 
t-#^v>«fi6irn^i-^aggs:/£{f.i.±-r\ ^-coigut^ 
u^xu*vV7mm?:i&<&&-?&zti)m 

4L^£i:. InGaAlP+tSi, Sef 

U vStt«3 6tcaA?fL^df^yr* J . 

n- I nGaA l PT&??y K*3 5C&!>,riX<c><7> 

i/^*^- tr i ^fBtsts^r ^ £ t ^a* t * 

[ 0 0 5 6 ] 3£ Lv^a- 'J T^ftKOTRii. 

3f-vyr?ftJgcDffiHl41 x 1 0 16 cm" 3 M2xl 0 17 
cm-'Tioft. £^^<7)±IS{4. flSaift-ffct J: 0« 
auw&* y »«3&</hS < ^rS Z b iz£ & t t>titz . 
[0 0 5 7] TgS^7-y Kl35kA 7 77l32Xli 
R«JB3 3*I«8JS^S-e:*«^-fc:li. n- I nGaA 

£« § , x^df-'-dr'-v -y 7°0/Jn§ V>G a A s fflfrl> 

4jfc**Q3ft«$rtLEEftT&'i«i: £<Ofcft, H3g 

=fir«8SJ£3&*0*»&£i:* f T*fc. £tU4, n-lnG 
aA 1 PO=^A-yrSISK:^:#<*iSc*L. lxlO"c 
m-*\XTX'$ggX'h-?tz. 

[0 0 58] T^yy Vm35<r>mZit. Umtl, 
Jt. £il(4. vgtt*3 6tiiA$^df^yT$r. TSP 
?^-y H*3 SNftK-fi^Wi'&SMR^firfc-***: 
J6C, 0. 5jumSKJa_beSKr£k, «J6J£*« 9 <*03» 

m^-^-^-i»<7)^'St=Ji?* i 2/i miaTSgrf>s; t 

^4y*4-57ti>«0T**)S„ £fz. TSC^7-yHJS3 5 
JiiSW^ 77rl34iH ttm , fflJfc-C* -> T fc *»* 
*>*V\ IP^>. n-GaAlAs^'nMMV\ 

V^^-«4, T&?y y VM3 5£mi%<X 
[0059]gttl3 6liln,., (Ga,., Al, ) 

y Tj6*5S3tSlif^r4 x*/WF-4f * y ricMJE L 

fc«ftT»3e-*-4 . huE04 tc^-ri a a 1 ajsx 
fc. ffi^^ffi«ox^/u^-=¥^ y7bmmmmi<7m 
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[00 60] ,rir£>£II]3g-f S;fr£kLT. lKoi>« 

nm^ttzixh. mtfc^kzn&coiz. ^<ai 

mzmfcth Z fc . £fi*^#F«3t 
(MQW) £g?ffl-r&.Ii:(CJ:-?T. x*jWf-wgp 
Oi^-ftXJ: 0. A 1 fflJ&7)/h3^Ji£fS3te® 

[006 1] (rUlf. (x. y) = (0. 3, 0. 

5 ) £#fs. ( o . 7 , o . 5 ) zmmmt u *ti 

-F;h.OJS£ST2. 5-5nmtL, 10^88*^10 0 

mimaasLttiz. t> it 9.012 

£*tf-J:5fZ, (0. 4, 0. 5) — (0. 5, 0. 
5 ) 0iEj^t/l'?*6&£»ttVfcN««>a» ( 5 7 
5~5 5 5 nm) W&t>iltz. 

[0062] GaAst COfS^g^fi^h-f^ 

i:, IP*., vSttJf I nGaA 1 P cDfg^g^cS: G a A s 
i9/h?<-r-6-i:T% AlomfcZm^ZbtfTZ 
&iz. nGaA 1 PCD*fr?5g$!t$r G a 

a s x 9±£ < -rs z t x\ wgmmfm*ti*-*? 
-v v 7° tmsmmmtt/v*?-*?-* v mm.*** < 
i-z>zktfX'%&. ^-ftih. » 5 ifc^s^a 
o . 5 %ws.co^^m^is.a±xh 9 . ±mtem&c?> 
%mz x iiw&emrtsnmintzx & . zcox 3 

<0fS£W£fctfc#LTfc9. 0. 3ummm.X'l*l% 

ws.\,zmt-tm\fz. 

[00 63] Ztl&Wmt&fj&kLT * JJEMQWW 

* jb^ &-nm.tf?mx'h ~> tz . #F«coi?s waMttai 

VxfctfK HI 3(c^-TJ:d{-. m$mE.<7>Wft*5-Z-h 

w?-T^m-£m± 3 9 . itmz&\ 

mzmoZktfX'Zti. vStt®3 6<D*I^SJ£5te 

<7)|liife}g©fc|5l«fc. 5X1 O'^cm-W^nl, £ 
v^il x 1 o 17 cm-HilT^pS (02&#Bg) fc-^-* 

«co*>OT\ 0. 15nmK0. 7 5;um(03£# 

[0064] ±g&?7-y KS37(i, TgP?9-yK83 
5fc|S|«, vgtt«3 6tcaA$iX^^^UrSrvf§tt«3 
6 i*Kc« i fc lz X 9 i«v%?Bfc3&*£»S*:#>?> 

■v 9 T#m^coi§-£\ atWi^TVM y i^'x ? 3 y# 
®<?tfS-£ , V ^-fticoig&lz t «tt« 3 6 ^ A $ 



« 3 6 <k 9 ti^K-^f -y r***# I VI t 

[0065] -r-TTti. p-I n,., (Ga,., A 
1* )» P«0fflJ&Sfe(x. y>fc*JWt, x = 0. 
7, y = 0. 5tU. 'ir(±. S'ftJ13 6<7)?BftfcK 
5r 5 5 5 n m 4 TfcM j£*ft Lfc*£"C t> . -V 
9 TPS t&*>«tffeWt 4>*i*x*>Wf-4f y r*^#^> 
GaAsSM1&?^ic^-grr 

p;77K137 attriMBHIi* 0 1 4 c^-r i 3 fc, 
±ie<7)ffl^*ie^^ t o . 6Sx^i-r-&o3t. zix 

(i. p- I nGaA 1 P**{a(2^S^^OX^.;^— 

a- -y *-r s &mx°h h . c oawcox*/i/4f- 

^•yrti, ffl^xtit^^^iJlrrs/i* , ). xo^^^rffl 

[00 66] &tz. I nGaA 1 PZkttmX'lt. M^ffi 

wcomim&cr>Bf8.rfmz ztuzx^x. mt 

WSX'h o X tx*;K-Jft y Ttmifth . ^< ft 
^ffiJt«0^V^ ^fg-CiOX^/U^-dr'-Y . y 7 - 
R tfflj£T-OS*<Dx;M^-^ -y T5r-^^. 4 . 
ffi¥ffim<7)%^i£&1)K **VTmt&tb<Dt:#>izl&i 

mx-hh. zv>xo*iBmm®kii. a«3 nza^x 
mftcDtmLttGLzm^zzk. 8^t+»mi<- 

tr^^Srtf d-ikT. mMlzmfcth Z k &X'Z fz. 
[0067] ±&7?v HJS3 70^r^9Tifte 

ti7X10"cm- 3 i:L.^:. 0 1 5 tp ^ y ■•/ KS3 7 

JS<5Dffiffl{i5 X 1 0"cm-3H2Xl 0 18 cm^n 
ofc. Ztlit. TU7 77H135, €^^3 8^ 
k^KiasfcwB8«3&»^>. «fli4 KcJ:^T5tK9aiL 

*S:<K<. lA^Tii^+9TilUS*i§<iSS-rS«rk* i 
MttV^ii:. 5X 1 O^cm-aUJLhcOsV^H-fcry^ 

-^-y7°$r^:#<-r.5ii:^t-#l>^. ^-ryTH 
tartjQ«S^St:ff i £ tztbX'hh . 
[0068] ±«^5-yHJB3 7^JPSIil AmfcL 
fc. ^Wi. Stte3 6tcaA$iut^-v9T^, ±SP 
^5-y HJ13 7^S£St-rSc7)5rfPi.-l»^5r^-»i-4^ 

0 . 5 p. mWm±£mts:Z k . «gfi)£^ 9 
^ 5:-^- ^. 4 tfOtc^^r Jf $ *i 2 m l^T^JK T* Sit 
^ £ k9^4-p7ttcOT'*)l». ttz. iSt^5 7H13 7 
(iSgSfi£ft«3 8^:k'kl5ltttf4. aUS"C*r>tt*»4 
*>^l>. SP*>. p-GaAl AssSr4fTfc3&»4*>=5:V^ 
4fc, >- ^U^-f - o Jtmisffi&KckX'. Stt 

^SCT^^ < T t . ^3^&^^ L*£ =3:^ 9 -y h k 

[0069] «8Sa&ttJf3 8(i. m©4 1 1= ioT3tK 
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#££3 0 0,um:fc. «S£HS1 5 OvumgJg^R® 
fcU MMJ590nmfctSi:l, ^UTiftg 
3X1 O 18 cm-3<Op-Ga 0 . 3 Al 0 . 7 Ks^W^l 

[0070] mSE&SfcJI 3 8 <DH ©SE<OJ!fo&< •) 5: 

UtihcOli. 01 <t3fc. 5,umliLLOJf[ £T* 

fo->tz.--ft, 30^ m^LLOiP S (c=Sr 2. fc . 

3 6'v<7XtgP? 5 -y KJI 3 7 &k'#^^&«ni&fc* 

[0071] SBSEi£Hfc«3 8£7)df-r 'JTffigti. 017 
iZm^Xolz. K) Z+MznZ fzMz 5 x l o 

"cm-sjai-CfcSifcj&^iU*. -ST. 5X10'« 
c m-3JiLhtC H-ty/tS t . ttaUE^Oti+^-T-* 

[0072] n^mm38<7)A 1 ffi^x«. sBtjs* 

KiWtWRflaR**! 0 0 cm-igj£OTT\ fci^ft 
\yfjtf&& LV. d60t#. 01 8(c*-rJ;pt. p- 
Ga,., Al, AsCD*&j£xf;i*:£V^5i:\ *4**"C 
OlftlKfl*{i/K»<$r4. I nGaA 1 PtJ:Sl« 
«<9«m:*tLT(3, xiiO. 6&±X'$>&Zttfm& 

[00 73] «SfafiiWi38fc±»^9-y H*37<0» 
-^••Cti. P- I nGaA 1 Pi p-GaA 1 As&i'i 

* -y:7V)/jN$V->p-GaA 1 A sflHj&>£>IE?L£&Ai-6*§ 

■y b&mzify-iztfiLixz, z t x*%%L®mzm> u vs. 
WY*$i<&o(,zmi. mmmizjzz%m8ajztf>)$:i% 

hZtifiX'^tz. ZiXii. p-InGaAlP^A-'J 

Tmmiz±z < l . i x i o 1 8 c m-8 jaTca^rc 

[00 74] ZZX'lt. «SH£IMi3 8fcU-Cp-Ga 
AlAs»ft*i, ClCOfBj^i,. p-InGaAl 
P , p - I n A 1 P^ri:-^3t«ft(C^L^HJ^Wm' 

*£SXJ13 8^i§(t^^tT\ ?£fc2mc**U 
•r-x'J y hfc$rfc$rv*%&tt. «SEfiyiiJI3 8£i&(t& 



[007 5] ay?9bm39\&. W&AHZftth* 

-$-y?t%MZB%izkhK#>v>mx'hK). mntp- 

GaAs^fflV*. A#=W(C{±. 0 1 9£iKt J: 3 (C« 
SSMOT3 8±fcp-GaAsJi3 9£lft«®«Lfc 
f&. ±gP«&4 1£^l£U l^'Xh44£-?X?£1E 
ffi4 I&U'p -Ga A sS3 9 £jSlflx -yf-^'U S 
QsmzUiSZ. YA 4 5rK^-r^^ McJ: 9»JSLfc. 
[00 76] 3>-^^hJ13 9«7)igUg«±. SatC^V^ 
? h»ffi*-HN£<-*-4fc*>fc:i x 1 018cm-31iUiT' 
feSIti^U^. £*:-£<7)iS£U:. 5 0nmJ2UiT 

4. 

[00 77] Srfc. ay?7bm39fiW 
^t. SfcSTo-teXfcijVvc. m®4 lcOSScon^^ 
^ hJl7& i »< : 5r , 9, «ffi4 l*ni^'ix^<^:4^i:<7)^ 
t* j e^.&5t46. 3>^^h«3 9<7)JI$(il 50nm 
mSWTT'fc^^ii^'M^LV^ 3^^^ hil 3 

9 {i-HJ-fc^ttfitf . «RiR^/h$ < -fh Z t tfX't* h<^> 

x\ &?Li>mmm<mftxi&i;-?z><ii&ii.%\>\ 

[0078] ZZX'l*. ?y?7hm39tLXp-G 
aAs^ffiV^A 5 , CcOffelCt. p-InGaP, p- 
I nGaA IP, p - G a A 1 A s 3ri:*£ffl V">T t X 
i\ £fz. hm39?:mzmt^X\ *SEt£ 

[0079] 1.UWM4. HiAuZn/AuHiO. 

(VfzlhWS y Ht^4. *Si4 1 (i^l^ y 
Zfctfhmz-miX'hh. »3K*iBWU*^J:at:-r4 

[0080] «SBffljkJil±4 0tt. ^®4 1 i r>Xi£ 

8£&A^*&(f z^-zmzftxtz z t x\ mm. 

T^aaa&fcflESS&A * t COT* h . m^tfflih 

J14 0(i. ttfii4 1 fcvSttS3 6<orat£>iX{£ 

15fB0 5 «t d I.Z1M9 V -y 3 7 tmSS 
fi£flJcS3 8tc7)ra. *^:02O ( a ) tSjrT «fc d C«8t 

aaMi3 8^rt». msim^isstny^^bsgi: 

OS. $^>(c:02O (b) ic^-f £ol<za>?7Ym3 

9tnm4 i tcr>m^-ftix'i>fr£tt\,\ zotz. 

*»S|5LitJ14 0 cOiTF^lfll 0at»«8S*fi»T4fcftfc: 
(i. =5rS^<gtt®3 6^i£»,^a^J>SC:i:*>'a4L 

[0081] mg!Effljh«4 0 t LXii. V -v 

37 tim<r>mnm*%T^>¥mte. m«fn-GaA 
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s, n— GaAlAs, n— InGaP, n— InGa 
A 1 P , n - I n A 1 P%k\ iS^«;Sffitfo7>¥g*, 
MilfGaAs, GaAlAs, InGaP, InGa 
A1P, I nA 1 P%k"&m^&ZtWTZ&. ttz, 
±M7 y -v KS 3 7 k m t&HM2rft*> . ■ttitig-f'h 

m t comz^T-vmsiz j: h o mi ht&><n& 

p-GaAs/p-InGaAlP, p-GaAs/p 
-InAlP, p-GaAlAs/p-InGaAl 
P, p-GaA 1 As/p- I nA 1 P&£\ ^Wifg 

mm. mms i o 2 , a i 2 o 3 , s i 3 n 4 srt'-e 

[0082] m«ffiih®4 o *%dt®.mzwLxwm 
Umt -fhZk X\ 93T2S£IR K> iH^Z k tfT 

fiP^. «®4 icoitT^#tf«^fc^^^ 
L^^«g5[|5iahS4 0 £tS(t& ^ kti-j TllIT 
^Oil$!rtlS5E5:M^ U *fc«8SHjlJi4 OOIT'Mh! 
9&A,rt£«aw:J: 4SBfc*lRiDW>llJ»*»t4£ kM< 

coo83] ^mmmx-ii. mut^u v $ 

M590nmfctl>!:l. n-In w (Ga^,, A 

i x ) y pcom&mi(yi, y > Kfcwr. x =o. 

7, y = 0. 5Sr«gftffi±S4 0i:LT, ±gP?7-yb' 
Jf 3 7 fc SSafcifcJf 3 8 <7)ra^ff A L, . VSEflLhJI 4 
OOi&glil X 1 0 18 cm-3 N Jf£(il 5 0 nmfc L 
fc. ^«0^«««ffi4 1 £*trl 8 0//mc7)i£@ 

tLfc. *®4 1 c7)HT^(±«cS{i%i:iiA 

S *rf , T"<0«3t*««« 4 1 (CM $ tlX i> . 
mz\±%>® Ltcfr-?tz« * fc , mafflihil 4 0 OlfiT'v 

hi oaiusmat J: *«3ia4, awsr«ssffijhJi4 o * 

%ti. *8EftihJi4 0tt. .rii.£i?AL-3r^«ri: 

[00 84] ±sne>xi&im&&%.L. ^7b«* 

§$S:300/imft, IgffiSrltgl 5 0 jumcoHmkL 

izmmx-^-iv h l . m=FVctz> zkizx^x. in 

(G ai . x Al, ), PS&J1 3 5<?)«j£5-x = 
0. 2, y = 0. 5fc"T4ii:fcJ:-9T. «36»*6 1 
OnmOjfUy^'-fe^fBt O^^x'5) x 

= 0. 3. y = 0. 5 k-thZk fci-oT. &3ftfcl|5 
9 0nmc7)Hffe«5Bfc (^7*^7) x=0. 
4, y = 0. 5k-t^ZklzX-oX. fBfcifcS570n 
m<7)||*ifeW^ (3tg3^>T7) *V x = 0. 5. 
y = 0. 5hf4C:i:^J:-5T. ?fe)t?Sft5 5 5nmcr) 

&fe?>SS3fe (*g 1 il Xf7 ) *Jh.«H»4.#U£. 
0 . S-JfO* -v 'J T«J£2«fl&??>»(fc. 



[ o o 8 5 ] ±ie Ltim 2 (ommmmx-a . is 1 

^#^3 lfcLTn-GaAs$•ffiu*;0lJS^^L 
Jt. LA>L&#£», SimSeDM&S, P -GaAs£ffl 

m.-thzktf-£mx*hz>. zcr>a,-£. #¥*kji«>j*$ 

tzmtXii. n-GaAsSK3 l«rfflV^«^fcR« 

[0086] — Jft'J TSStov^li, ^8£J£*< 
»)^«3(S»*&#*r&i:» f£OMilin-GaAs 
S«3 lc0^fc»^i». ^-J■^COV^T^±. n- 

GaAsSS31<OS6, TpC^ 7 y KJ1 3 5*>'n-I 
nGaA 1 P. AM? =r v KS3 7* J p- I nGaA 1 
Pt*-3W p-GaAsiS^l^CIl ± 
SP? 5 >y K***n -InGaAlP. 7 y HJIA^ 

p-InGaAl Pt^O. Z\cr>k%cr>n- I nGaA 

1 PSt^P- I nGaA 1 P ^tl^'tllZ-O^X <?mMt? 
mtX'fc&k3§;ttltf£\,\ 

[0 08 7] A-y!7TJl3 2, Rttil3 3, ^BJ^'. y7 
r!34, mSSJfeUtJB 3 8 , nv;?? hJ13 9, flaSffl 

tCi^-f. n-GaAs<7)ii^-fc|Bl«<7)iS^Aia4L 

[0088] pWM«!rffl^l, Z k 

n mcO%^(cJt^. 0 J: "5 ^^Zfotth Z 

ki?x-*z>zkX'foZ>. ztnt. is&ymxtMiztnvc 

p-InGaAlP, p -Ga A 1 A s tcjt^, n- I 
nGaA IP, n-GaAlAs(OM Ptil, 

\ o rmmizML. < . 

T'£>S. «ga£^J!3 8tCn-GaA 1 AsSrffl 

V^if-^-. p-GaAlAs^ffl^^l/2* 
tmkfr&tmb. 02 l^-Tidtc, -e^ff? (TRB 
ffl<7)Jl$ ) * 1 /2 L-T t % BS|5|^ol|:S[^;*i 0 . v 

[ 0 0 8 9 ] 4fc . ^ 1 ^«M^«*S«3 1 k L-T n 
-GaAsXIip-GaAsJfflW:^ MtteMMlZ 

x®<. mw.3 nz&tRztifzmi. ftmzTfwm-rz 

k tfX°ZKc^fz#>. 3 6 TcOtI^'?)^ 1 / 2 ti« 

3KaW«c»9-L*v». .r*i£JK9aj-r#i£fc LT. 02 

2 (-^-T J: d (c. SIR 3 1 L©JRfri: 
=5r«A-y7r«3 2»*|»*-t4ik3e(Ct»-C*6. 

[0090] ^l^ y h^«fSW^JgS:«^-r 

»<77rl34, mgfiS£^Ji 3 8<0H$ 
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[00 9 1] ifc, id*T^)RBB-C«. SSISIIM* 
^S«3 1tUn-GaAs, p-GaAs,St; 
ZtlZm£Lt:m&KLf.l. Zcomzh. GaP, Zn 
Se, ZnS, S i , Ge^W^ffc, a^GaAs?: 

^il^iM^nltfepIt fcJ:V». Ga 
P, ZnSe, ZnS, GaAsP, I nGaPf?:! 

mtefkizMLmmimmz-thzt 

[0 0 9 2] L*»U £ft.£eDi&£\ GaAstSi 

(t& i t iz i *) » vStt«T'^!&{a^?s££ jrpx . 

. i<0fc # . ZVttSmimMVffiU* I n G 
a A 1 P*fcr>. «3^*fcttt*»Srfc<0#S*U*. 
i£MEM<?ya : ?&t*GaL As tft&b-t it*. W< 
77rltUGaAlAs 5: WFjaR«jSMLLfc:#j£ 

t i fc 0 . K(2<7)ffijS(c fc ^T'S> £ . Z cr>m-&<n 

mm m 2 3 k^k-t . 0* 5 1 ftq&mu 5 2 

[0093] Si, G e (4%3ft£*(C*f W^WfC** 

too, AwrsKBasAiWiikJ&frs^fcft. *s 

li, *««3&»^»«ttJHIKl*I*»r>T. fflROft^SBrt* 

<0*S*^«««O*ffitt. GaP, A1P, Ga A 
s, InP^iS&l Ge 

[0094] tv?ft0>li£|c&i,YC t> . jffB/W 7 rl 
tUGaAlAs ZBtftf-Z <! £: T\ «ft«0««fc: t 
«»T*ft. -I;ft£>?)S1g(4. GaAsWH^t 

s. 

[0095]^n-GaAs A&£«£ffl 
*. «KRLilJI£J:*l0ftra<Bia»JK, iStt*. ? 



m&ft>^**. iSMHiwa u&ansmk. mmx-h 
s. 

[0096] (S3^mn) 024(4, i&mvm 
3<r>9m^m,z^h^mwmtyA Yom=m& 

Z^-tmmmX'fo h. 0+61(4n-GaAs 
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